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Prior  to  the  Mld-1950’s,  the  U.S.  policy  for  the 
acquisition  of  weapons  systems  was  one  based  on  quantitative 
superiority.  We  used  that  policy  and  our  vast  manufacturing 
capability  to  help  win  against  the  Axis  powers.  As  we 
approached  the  I960’ a  the  Defense  Department  implicitly 
de-emphas ized  quantitative  superiority  and  stressed  high 
technology  "qualitative  superiority"  as  the  new  policy.  This 
project  is  a  study  of  how  the  shift  to  a  qualitative 
superiority  policy  has  negatively  impacted  the  U.S.  weapons 
development  process  and  how  the  Implementation  of  a  new 
engineering  methodology  can  help  to  remedy  the  situation. 
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INTRODUCTION 


Our  victory  in  World  War  II  was  as  a  result  of  a 
combination  of  national  will  and  a  variety  of  other  national 
strengths.  One  key  feature  of  that  collection  of  strengths 
was  our  ability  to  mobilize  the  material  resources  of  this 
country  and  wage  a  war  of  attrition.  The  victory,  in  part, 
was  won  by  overwhelming  the  Axis  with  our  production  might 
and  shear  quantity  of  weapons  and  logistical  support.  This 
emphasis  on  production  was  retained  by  the  Department  of 
Defense  as  a  key  element  of  national  security  until  the 
mid-1950’s.  With  adoption  of  the  ‘qualitative  superiority’ 
policy,  manufacturing  as  a  key  element  of  weapons  system 
acquisition  was  Implicitly  de-emphas 1  zed .  This  lack  of 
emphasis  on  manufacturing  led  to  the  breakdown  of  a 
development  process  that  was  well  understood  by  U.S.  Industry 
at  that  time.  Many  colleagues  who  worked  in  industry  during 
the  years  prior  to  the  adoption  of  qualitative  superiority  in 
the  1950’s  and  60’s,  describe  what  is  now  called  concurrent 
engineering,  a  familiar  concept.  In  the  days  of  quantitative 
superiority,  where  manufacturing  and  logistical  process 
development  were  equally  important  to  product  development, 
everyone  owned  the  overall  development  from  concept  to 


fielding. 


The  qualitative  superiority  strategy  has  served  us  well 
during  the  cold  war  years  and  can  continue  to  provide  force 
multipliers  on  future  battlefields  anywhere  In  the  world,  as 
witnessed  in  Iraq.  Our  current  and  future  forces  will  have 
to  deal  with  a  full  spectrum  of  threats  Including  terrorism, 
subversion.  Insurgency,  drug  trafficking  and  low  Intensity 
warfare  in  third  world  countries  that  have  the  potential  to 
be  equally  as  lethal  as  Europe  or  the  Mid-East.  ’A 
dramatically  different  security  environment  is  emerging  that 
is  principally  characterized  by  a  diminished  Soviet  threat, 

increasingly  complex  world. 

These  realities  imply  a  reshaping  of  US  security  policy, 
strategy,  force  posture,  and  capabilities.  The  challenge  is 
to  reconcile  enduring  objectives  and  tasks  with  reposti  .’ed 
and  restructured  forces  without  foreclosing  options  for 
hedging  against  new  or  renewed  threats.'  (1)  In  short,  we 
must  continue  the  policy  of  qualitative  superiority,  but  can 
we  afford  it,  or  will  what  we  can  afford  be  sufficient  to 
fulfill  our  national  security  needs  in  the  21st  century? 

A  key  Issue  related  to  our  future  national  security 
strategy  is  the  ability  of  our  acquisition  system  to  continue 
to  provide  the  weapons  that  have  allowed  a  qualitative 
superiority  for  all  these  years.  Weapons  system  acquisition 
Is  one  of  the  most  complex  and  important  decision  processes 
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managed  by  the  Federal  Government.  In  a  very  real  sense,  the 
national  security,  our  national  economic  competitiveness 
through  technology  development  and  the  federal  budget  are 
impacted  by  the  effectiveness  and  efficiency  of  this  process. 
As  stated  in  Department  of  Defense  Directive  5000.1,  Major 
and  Non-Major  Defense  Acquisition  Programs,  the  'policy  of 
the  Department  of  Defense  is  to  assure  that  the  DOD 
Acquisition  System  functions  in  a  timely,  efficient  and 
effective  manner  to  achieve  the  operational  objectives  of 
U.S.  Armed  Forces  in  support  of  national  policies  and 
object  1 ves .  .  .  .  ' 

We  have  built  an  extremely  complex  acquisition  system 
over  many  years  to  accommodate  the  development  and 
manufacture  of  the  moat  sophisticated  and  technologically 
advanced  weapons  systems  in  the  world.  This  acquisition 
system  has  become  so  complex  and  cumbersome  as  to  be  almost 
impervious  to  change.  Attempts  over  the  years  to  reform  or 
streamline  the  acquisition  process  have  had  little  more 
effect  than  that  of  a  band-aid  to  a  serious  wound. 

In  light  of  the  tremendous  success  we  have  enjoyed  with 
the  use  of  high-tech  weapons  in  Operation  Desert  Storm, 
finding  fault  with  the  development  system  which  brought  us 
those  weapons  will  be  very  difficult  to  understand  unless  we 
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look  a  few  years  down  the  budget  path.  After  Desert  Storm 
has  ended  and  the  Army  Is  forced  to  continue  down  sizing,  the 
vast  amounts  of  money  which  forged  our  technological 
superiority  will  not  be  available.  In  short,  we  will  not 
have  the  resources  to  continue  to  develop  weapons  systems  in 
the  same  old  way.  Witness  to  this  statement  la  the  fact  that 
in  the  next  budget  year  the  U.S.  Army  procurement  account 
will  be  smaller  than  the  U.S.  Navy  research  and  development 
account.  In  the  out  years  R2tD  accounts  may  Improve,  however, 
we  are  still  left  with  a  very  complex  and  wasteful 
development  and  acquisition  system. 

There  is  ample  evidence  that  the  methodology  exists  to 
solve  many  of  the  weapons  acquisition  problems,  we  simply 
need  new  vision.  That  new  vision  must  be  implemented  from 
the  top  down  in  order  not  to  become  a  limited  fix  when  an 
entirely  new  and  comprehensive  approach  is  required.  There 
is  a  new  paradigm,  it  is  called  "Concurrent  Engineering." 
Concurrent  Engineering  has  also  been  called  concurrent  design 
by  the  Japanese,  simultaneous  engineering  and  a  host  of  other 
names  by  different  groups. 

Concurrent  engineering  is  being  used  very  successfully 
by  commercial  industry  in  this  country  to  close  the 
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development  and  manufacturing  gap  with  their  international 
competitors  who  have  been  using  concurrent  engineering 
techniques  for  years.  In  fact,  foreign  manufacturers  learned 
the  concept  of  from  us  years  ago  and  evolved  it  to  its 
current  state.  'Concurrent  engineering  is  a  systematic 
approach  to  the  integrated,  concurrent  design  of  products  and 
their  related  processes,  including  manufacture  and  support. 
This  approach  is  intended  to  cause  the  developers,  from  the 
outset,  to  consider  all  elements  of  the  product  life  cycle 
from  conception  through  disposal,  including  quality,  cost, 
schedule  and  user  requirements.*  (2) 

The  development  of  a  product  is  a  process  which  goes 
from  the  recognition  of  a  need  to  the  satisfaction  of  that 
need.  This  may  be  called  the  product  delivery  process  and 
since  it  is  a  process,  it  may  be  managed  and  Improved.  There 
is  a  continuum  of  implementations  of  this  process  and  the 
best  embodiments  are  Concurrent  Engineering.  Concurrent 
engineering  addresses  all  levels  of  complexity,  from  simple 
or  single  technology  items  to  sophisticated  or  multiple 
technology  systems;  services  to  software  to  hardware.  The 
Packard  Cooualssion  found  that  virtually  all  DOD  system 
products  have  a  commercial  analog.  This  is  an  important 
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point  In  that  many  of  the  prime  U.S.  examples  of  the 
successful  Implementation  of  concurrent  engineering  are  in 
the  commercial  sector. 

The  reader  must  understand  that  concurrent  engineering 
is  not  going  to  resolve  Defense  budgeting  and  program  funding 
Instabilities,  Congressional  micromanagement,  or  incompetent 
leadership.  Nor  will  it  provide  for  accurate  and  timely 
threat  assessments.  What  concurrent  engineering  can  do,  from 
the  time  a  weapons  concept  is  being  considered  for 
development,  is  provide  a  framework  for  that  development  that 
is  a  completely  inclusive  process.  From  "cradle  to  grave" 
the  weapon  will  be  designed,  developed,  manufactured,  fielded 
and  supported  as  a  single  process  mentality  and  at  it’s 
highest  level,  all  players  will  have  a  conscious  ownership  of 
the  process  . 

This  paper  will  provide  the  reader  with  a  synergistic 
view  of  where  we  have  been  with  our  development  process,  as 
it  relates  to  moving  a  product  from  research  to  production, 
and  where  ws  should  be  going  with  that  process  in  order  to 
better  allocate  future  scarce  DOD  resources  against  serious 
and  competing  national  security  alternatives.  For  the 
purpose  of  structure,  the  paper  is  organized  around  the 
classic  military  strategy  technique  of  ENDS,  WAYS  and  MEANS. 
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By  definition,  strategy  la:  "The  art  and  science  of 
employing  the  armed  forces  of  a  nation  to  secure  the 
objectives  of  national  policy  by  the  application  of  force,  or 
the  threat  of  force.'  (3)  The  definition  of  strategy  for  the 
purposes  of  this  paper  will  be;  The  art  and  science  of 
utilizing  the  techniques  and  concepts  of  concurrent 
engineering  to  continue  to  produce  state-of-the-art  weapons 
of  higher  quality,  lower  coat,  and  shorter  schedules  that 
meet  or  exceed  the  requirements  of  the  user.  This  strategy 
is  divided  into  Ends,  or  objectives  towards  which  one 
strives;  Ways,  or  courses  of  action  to  attain  an  end;  and 
Means,  or  instruments  used  in  the  courses  of  action. 
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ENDS 

The  ends  we  seek  are  clearly  defined  by  DOD  guidance, 
however,  one  could  question  whether  the  policy  spelled  out  in 
DOD  Directive  5000.1  is  being  realized  in  any  meaningful  way 
across  the  broad  spectrum  of  weapons  currently  under 
development.  We  are  rightly  basking  in  the  glow  of  our 
successes  regarding  advanced  weaponry  employed  in  Operation 
Desert  Storm.  But  one  must  remember  that  those  weapons 
systems  were  developed  during  a  period  when  development 
resources  were  relatively  unconstrained  and  were  technically 
and  loglstically  matured  by  shear  force  of  dollars  over  long 
periods  of  time.  (See  figure  1)  The  question  that  naturally 
follows  is,  will  we  be  able  to  provide  equivalent  technology 
to  our  troops  in  the  future  given  the  potential  technical 
evolution  of  the  threat  and  our  diminishing  resources'?  The 
answer  to  this  question  must  be  jjes ,  however,  we  cannot 
accomplish  that  goal  by  developing  weapons  in  the  same  old 
way  . 

Qualitative  superiority  of  weapons  systems  over 
quantitative  superiority  has  lead  us  to  focus  research  and 
development  on  devices  and  features  at  the  expense  of 
processes.  The  shift  to  more  high  technology  weapons  should 
have  signaled  the  need  to  develop  parallel  improvements  in 


manufacturing  technologies  and  processes.  "The  focus  on 
qualitative  superiority  has  also  led  to  more  highly 
differentiated,  sophisticated  weapons  (eg. ,  B-2,  ATF) ,  which 
require  omplex  manufacturing  processes  to  be  developed  and 
applied  to  progressively  smaller  production  lots.'  (4) 

Because  of  the  sequential  approach  to  weapons 
development  currently  used,  the  time  available  to  develop  and 
amortize  the  new  manufacturing  technologies  is  shortened  and 
becomes  almost  cost  prohibitive.  (5)  DOD  consistently 
operates  on  the  theory  that  industry  has  the  facilities  and 
capability  to  manufacture  any  product  that  can  be  designed. 
This  theory  is  simply  not  the  case,  state-of-the-art 
technology  requires  state-of -the-art  manufacturing  processes 
and  facilities  for  production  which  in  most  cases  requires 
very  expensive  simultaneous  development.  'Historically,  the 
Department  of  Defense  has  relied  on  the  strength  of  American 
manufacturing.  It  was  largely  assumed  that  the  suppliers 
possessed  the  know-how  and  the  resources  required  to  provide 
the  fabrication  facilities,  in  that  standard  processes  used 
for  commercial  as  well  as  military  products  were  available. 
DOD  research  and  development  programs  financed  the 
development  and  design  of  products  needed  by  the  military, 


9 


but  industry  v’as  expected  to  provide  for  the  development  of 
the  wide  range  of  technologies  and  facilities  that  are  needed 
to  create  these  new  weapons.'  (6) 

As  the  emphasis  shifted  from  quantitative  to  qualitative 
superiority,  the  conceptual,  demonstration  and  development 
phases  of  a  new  or  updated  weapons  system  focused  almost 
entirely  on  the  development  of  a  product,  not  on 
manufacturing,  deployment  and  maintenance.  Only  after  the 
fact,  or  late  in  the  development  of  a  weapon  system,  were 
considerations  made  about  how  the  system  would  be 
manufactured  and  supported.  Cost  considerations  also  fall 
into  this  same  category.  (7)  The  United  States  is  still  the 
world  leader  in  innovation  and  invention  and  we  continue  to 
lead  the  world  in  technology  development,  but  at  what  cost? 

The  developers  of  World  War  II  weapons,  such  as  the  B-17 
bomber,  and  the  current  state-of-the-art  Patriot  Missile, 
confronted  the  same  dilemma:  how  to  develop,  field  and 
support  sophisticated  military  hardware  using  unproven 
technologies  and  a  complex,  bureaucratic  development  and 
acquisition  system.  In  today’s  weapons  systems  defining  the 
need,  developing  requirements  and  then  developing  and 
producing  the  system  may  take  12  to  14  years  or  more.  (8) 

When  the  systems  are  finally  delivered,  they  are  frequently 
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out  dated  relative  to  the  current  technology  available. 


'The 


only  effective  way  to  reduce  the  life  cycle  cost  of  a  weapons 
system  is  to  ensure  that  It  la  designed  from  the  beginning 
with  as  much  attention  to  operational  costa  (and  operational 
readiness)  as  given  to  weapons  system  function.  The  biggest 
cost  driver  for  Initial  procurement  coats  is  change  once 
production  begins.  Change  can  double  the  coat  of 
subcontracted  items.'  (9)  Concurrent  engineering,  involves 
massing  our  development  forces,  Including  design, 
development,  teat,  production  and  logistics,  at  the  front  end 
of  the  development,  keeping  them  Integrated  throughout  the 
development  cycle;  i.e.,  to  do  it  right  the  first  time  so 
that  changes  are  not  required. 

Studies,  such  as  the  one  conducted  by  the  U.S. 

Technology  Assessment  Team,  show  that  seventy  to  eighty 
percent  or  more  of  the  projected  life  cycle  costs  are  built 
in  at  the  planning  and  design  stages.  These  same  studies 
also  show  that  up  to  eighty  percent  of  the  quality  defects  in 
a  product  are  traceable  to  design  flaws,  not  manufacturing. 
(10)  From  personal  experience,  industry  executives  believe 
that  by  the  time  a  system  has  completed  the  design  stage,  as 
much  as  85/i  of  the  projected  life  cycle  costs  may  be  built  in 
and  under  our  current  sequent lal /ser ial  development  approach 
cannot  be  Impacted  easily.  (See  Fig.  2) 


Commercial  industry  has  begun  to  reverse  this  serial 
development  process  by  implementing  concurrent  engineering 
while  the  DOD  continues,  with  minor  exceptions,  the  serial 
process.  "The  sequential  and  segmented  style  arose  in  an 
environment  in  which  product  development  was  not  considered  a 
process.  Cloistered  groups  of  specialists,  looking  inward 
within  their  own  speciality  emphasized  Isolated  tasks  that 
were  amenable  to  their  specialized  skills.  Concurrent 
engineering  has  evolved  by  thinking  about  the  tasks  as 
elements  in  an  integrated  process."  (11) 

The  serial  development  process  fostered  an  environment 
where  the  product  was  designed  and  then  down  stream 
considerations  for  quality,  production  capability  and  field 
support  capability  occurred.  The  fundamental  problems  with 
the  serial  development  approach  are  now  widely  recognized  in 
commercial  industry.  This  approach  is  very  often 
characterized  as  throwing  the  product  over  the  wall.  In 
other  words,  the  design  department  completes  Its  work  and 
throws  It  over  an  Invisible  barrier  to  the  fabrication 
department,  who  In  turn  throws  their  work  over  the  same  type 
barrier  to  the  test  and  evaluation  department  and  they  In 
turn  throw  their  work  over  the  wall  to  the  production 
department,  etc.  Between  each  barrier  there  Is  much 
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sub-optimization,  gross  loss  of  understanding  of  the  real 
product,  and  late  starts  and  delays  waiting  for  the  product 
or  information  to  be  thrown  over  the  wall.  (12) 

In  products  developed  by  a  substantially  serial  process, 
early  design  is  dominated  by  performance  and  product  function 
considerations.  "Manufacturing  considerations  were  brought 
in  later,  usually  too  late  to  affect  the  design  in  any 
meaningful  way.  DOD  contractors  are  required  to  follow  this 
serial  approach.  In  designing  military  products,  performance 
factors  can  be  overwhelming  unless  other  issues  can  be 
forcibly  introduced.  Achieving  the  desired  performance  can 
be  extremely  difficult  in  itself,  whereas  manufacturing  or 
life-cycle  considerations  can  require  major  design  changes. 
From  a  technical  and  budgetary  standpoint,  it  is  usually 
impossible  to  make  such  changes  late  in  the  design  process. 
Any  changes  adopted  tend  to  be  cosmetic  at  best,  with  the 
result  that  products  cost  too  much  to  make,  use  and  repair." 

(  13) 


The  graphic  below  represents  a  comparison  of  sequential 
versus  concurrent  engineering.  However,  the  differences 
between  sequential  and  concurrent  engineering  are  not  that 
simple.  In  the  sequential  approach  Information  flows  are 
from  left  to  right.  In  one  direction  as  shown  by  the  arrows. 
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In  the  concurrent  approach,  information  flows  are 
bidirectional  and  decisions  are  based  on  consideration  of 
downstream  as  well  as  upstream  inputs.  (14) 

Requirement  Product  Dev  Process  Dev  Prototype 
- >  - >  - >  - > 

Requirement 


< - > 

*  Product  Dev 

^  < . -> 

^  Process  Dev 


.  Prototype 

^  < - > 

The  end  we  seek  Is  embodied  In  the  concept  of  concurrent 
engineering.  It  Is  a  fundamentally  different  and  a  seemingly 
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common  sense  way  of  looking  at  how  weapons  systems  are 
designed,  engineered,  manufactured  and  supported.  "The  idea 
IS  that  people  can  do  a  better  Job  if  they  cooperate  to 
achieve  a  common  goal.  To  Implement  this  concept 
successfully  the  members  of  management,  labor  and  the 
technical  staff  must  develop  a  profoundly  different  insight, 
namely  the  process  insight,  into  the  nature  of  Industrial 
activity.  The  process  insight  Is  the  realization  that  all 
activities  which  transform  a  collection  of  inputs  into  a 
product  satisfying  a  need  are  a  single  process.  This  process 
can  be  measured,  managed  and  continually  Improved.  The 
improvements  must  include  both  the  breakthroughs  associated 
with  new  inventions  and  the  small  improvements  that  result 
from  everyday  suggestions.  For  many  products,  even  simple 
parts,  the  overall  process  will  be  broken  down  into  more 
easily  managed  tasks,  but  the  tasks  are  not  viewed  as  ends  in 
themselves.  They  are  not  optimized  at  the  expense  of  the 
overall  process.  In  the  ideal  form  of  concurrent 
engineering,  the  detailed  design  of  the  product  is  performed 
concurrently  with  the  development  of  production  capability, 
field  support  capability  and  quality.'  (15) 

The  principal  findings  of  a  recent  Institute  for 
Defense  Analysis,  Inc.  study  on  concurrent  engineering  in  the 
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commercial  sector  were  that  the  benefits  accrued  to 
concurrent  engineering  included; 

Improving  the  quality  of  designs  which  resulted  in 
dramatic  reductions  of  engineering  change  orders  (greater 
than  50  percent)  in  early  production. 

Product  development  cycle  time  reduced  by  as  much 
as  40  to  60  percent  through  the  concurrent ,  rather  than 
sequential,  design  of  product  and  process. 

Manufacturing  costs  reduced  by  as  much  as  30  to  40 
percent  by  having  mul t i -di sc i pi i ne  teams  Integrate  product 
and  process  designs. 

Scrap  and  rework  reduced  by  as  much  as  75  percent 
through  product  and  process  design  optimization. 

Collectively,  the  concurrent  engineering 
disciplines  that  require  the  early  consideration  of  a 
product's  manufacturing  and  support  process  while  shaping 
the  user’s  requirements  into  a  product’s  design  were  reported 
to  result  in  a  higher  quality  design.'  (16) 

Concurrent  engineering  is  not  a  concept  to  be  used  as  a 
formula  or  recipe  to  solve  problems.  On  the  contrary,  it  is 
a  mind-set,  a  view  by  everyone  Involved  in  the  development  of 
a  weapon  system  that  they  are  part  of  a  continuous  process 
and  have  ownership  in  the  entire  process. 
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WAYS 

Our  ability  to  continue  to  maintain  a  formidable  combat 
capability  into  the  next  century  depends  largely  on  our 
ability  to  recognize  and  correct  the  weaknesses  and 
complexities  of  our  current  acquisition  systems  as  it  applies 
to  designing,  manufacturing,  fielding  and  supporting  what  we 
develop.  Early  in  1990,  Mr.  Donald  J.  Atwood,  Deputy 
Secretary  of  Defense,  had  this  to  say  about  U.S. 
manufacturing;  "America’s  deterrent  strategy  depends  on  a 
healthy  industrial  base  -  one  that  is  efficient, 
technologically  advanced  and  flexible  enough  to  respond  to 
any  crisis.  Unless  we  reverse  the  fortunes  of  American 
manufacturing,  our  national  security  may  soon  be  in 
Jeopardy."  (17)  The  implementation  of  concurrent 
engineering,  to  Impact  the  development  process  from  the  front 
end,  is  the  paradigm  change  necessary  to  return  the  health 
and  competitiveness  of  our  national  Industrial  and 
manufacturing  bases  and  is  also  critical  to  maintaining  the 
type  of  qualitatively  superior  combat  capability  we  currently 
have  and  desire  in  the  future. 

During  the  time  when  DOD  de-emphasized  manufacturing, 
there  was  a  parallel  second  order  effect  in  commercial 
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industry  perhaps  from  the  shear  weight  of  DOD  dollars  funding 
research  and  development  on  a  national  level.  The  commercial 
sector  is  reversing  that  trend  out  of  a  need  to  survive  in  an 
extremely  competitive  world  market.  Many  of  the  U.S. 
commercial  Industry  leaders  emerging  as  viable  world  market 
competitors  are  doing  so  through  the  implementation  of 
concurrent  engineering.  (18)  The  DOD  has  not  reached  the 
"survival  mode"  yet  in  terms  of  budget,  but  the  current 
budget  outlook  reflects  that  possibility  in  the  next  few 
years . 


Our  tendency  in  the  DOD  during  hard  times  is  to  cut  or 
"salami  slice"  programs  and  many  times  without  regard  to  the 
strategic  view.  The  exercise  requires  having  an  extremely 
cumbersome  bureaucracy  apply  a  very  blunt  chopping  tool  to  a 
complex  set  of  established  requirements,  to  fit  an  even  more 
complex  budget  approved  by  a  Congress  that  has  a  dimmer 
strategic  view  than  anyone  else  in  the  process.  In  the 
commercial  world,  the  real  competitors  do  not  cut  products 
(programs)  to  balance  budgets,  they  cut  costs. 

There  are  several  key  factors  driving  the  development 
process  and  the  il80  billion  defense  budget  for  weapons  and 
research.  Those  factors  include; 
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-  Continuous  performance  Improvements  through 
technology  push. 

-  High  and  increasing  unit  costs  -  reduced  quantities 

-  Longer  and  longer  development  and  production 
cycles  (technology  moving  faster  than  development 
eye  lea). 

-  Problems  in  producing  initial  development 
designs  (technologies  not  mature  -  lack  of 
manufacturing  process  development) 

-  Poor  field  reliability 

-  lack  of  a  realistic  process  for  generating 
requirements  and  the  lack  of  clarity  in  the 
definition  of  the  requirements  themselves  impacts 
the  entire  weapons  development  process.  (19) 

Historically,  DOD  has  done  outstandingly  well  on  the 
performance  achievements  of  new  systems,  but  has  done  far 
less  well  on  cost,  quality  and  speed  of  development  and 
delivery.  Recent  DOD  and  commercial  experience  with  new 
approaches  to  product  development  have  demonstrated  the 
potential  to  reduce  cost,  Improve  quality  and  schedules  while 
at  the  same  time  achieving  needed  performance  Improvements. 
(20)  Concurrent  engineering  provides  for  the  design  of  a 
product  and  the  processes  to  produce  and  support  that  product 
as  a  single  Integrated  activity. 
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This  approach  provides  the  visibility  and  access  to  the 
interactions  between  product  design  and  process  design  needed 
to  achieve  improvement  in  coat,  quality  and  schedule.  'For 
the  last  twenty  years  and  in  keeping  with  the  decreased 
emphasis  on  manufacturing,  both  defense  and  civil  research 
have  focused  primarily  on  device  or  product  technology  to  the 
neglect  of  process  innovation.  This  single-minded  fixation 
on  device  technology  and  performance  has  an  impact  beyond 
that  of  slowing  manufacturing  process  innovation;  it 
accentuates  the  separation  between  identifying  the  threat, 
developing  the  requirements,  design,  manufacturing  and 
support.  This  gives  rise  to  Increased  problems  of 
producibi 1 i ty  and  ultimately  aupportabl 1 Ity  because  they  are 
simply  not  considered  to  any  extent  in  the  requirements 
development  and  design  phases,  causing  Increased  development 
time.'  (21) 

The  integration  of  product  and  process  design  Is  the 
common  sense  principle  of  concurrent  engineering  focusing  on 
cost,  quality  and  schedule.  The  basic  Idea  Is  to  apply 
concurrent  engineering  at  every  stage  of  development  from  the 
formulation  of  a  concept  forward,  to  guarantee  the  robustness 
of  the  design  and  the  product  during  all  downstream  stages  of 
design,  production,  fielding  and  support.  Robustness  Is 
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accomplished  by  taking  an  integrated  view  of  product  and 
process  design  so  the  interactions  and  sensitivity  to 
uncontrollable  factors  can  be  predicted  and  dealt  with  early 
(This  is  discussed  in  the  Means  chapter) .  Thus,  downstream 
problems  are  preempted  rather  than  detected  and  corrected. 

By  expending  additional  resources  early  in  the 
acquisition  process,  concurrent  engineering  achieves  long 
term  benefits  by  greatly  reducing  schedules,  unit  and 
life-cycle  costa,  and  by  significantly  increasing  system 
quality.  By  simplifying  the  business  and  engineering  process 
and  by  Judicious  application  of  formal  methods  and 
computer-aided  engineering  technology,  however,  the 
additional  early  expenditures  can  be  reduced  or  eliminated. 
(See  f i gure  3 ) 

"Industry  leaders  In  other  countries  believe  that 
manufacturing  Is  as  Important  as  product  innovation  or 
marketing  in  obtaining  market  share  and  have  increasingly 
emphasized  manufacturing  design  and  process  research  and 
development.  Estimates  are  that  Japan  devotes  two-thirds  of 
its  R&D  funds  to  improved  processes  and  one  third  to  improved 
products,  while  U.S.  commercial  industry  devotes  the  opposite 
ratio,  DOD  is  estimated  to  devote  approximately  OIX  of  its 
development  budget  to  process  Improvement.  This  focus  has 
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lead  to  a  distinctive  competitive  advantage . and  dominance  by 
foreign  manufacturing  over  domestic  industries  In  key  areas.' 
(22)  It  should  be  easy  to  understand,  from  this  perspective, 
why  an  inordinate  number  of  our  weapons  development  programs 
falter  as  they  transition  to  production. 

From  personal  experience,  industry  executives  believe 
that  the  Defense  Industrial  Base  could  produce  Just  as 
efficiently  if  modern  manufacturing  innovation  were 
emphasized  by  its  primary  customer,  DOD .  The  current 
emphasis  in  DOD  is  on  endless  requirements  documents  in  the 
form  of  specifications  and  directives.  The  result  is 
bureaucratic  prohibition  of  manufacturing  process  Innovation 
by  'stovepipe'  organizations  who  control  the  specifications 
documents.  Concurrent  engineering  drastically  reduces  the 
time  to  maturity  by  focusing  due  effort  on  manufacturing  and 
support  issues  early  on  and  throughout  the  development.  (23) 
Reducing  the  time  to  maturity  decreases  the  push  or 
expectations  of  future  technology  improvements  by  focusing  on 
less  risky  technology  Insertion.  By  reducing  time  to 
maturity,  coats  can  be  more  accurately  estimated  and  more 
closely  adhered  to.  By  slowing  (not  eliminating)  technology 
push,  performance  expectations  can  be  much  more  accurately 
established  and  achieved. 
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'DOD  gives  top  priority  to  improvement  in  performance, 
capabilities,  and  lifetime  of  its  weapons  systems.  Its 
recent  approach  to  obtaining  such  improvements  can  be  called 
‘single  feature  improvement.”  Single  features  have  become 
known  as  the  "ilities”  for  produci bi 1 i ty ,  reliability, 
maintainability,  ect.”  (24)  They  are  also  frequently 
referred  to  as  "stove-pipes”  and  "rice  bowls.” 

Sub-op t i ml zat 1  on  through  the  sequential  process  of  the 
"ilities"  has  been  blamed  for  many  delays  and  cost  overruns. 
No  one  "ility"  improves  the  total  process  or  system  read!.. ess 
for  production.  The  mul t i -d i sc 1 pi ine  team,  within  the 
concept  of  concurrent  engineering  could  w_-  used  to  evolve  the 
development  system  away  from  tUe  barriers  created  by  the 
■ilities."  (25) 

Implementation  of  concurrent  engineering  Involves 
changes  in  management’s  approach  in  development  process, 
tools  and  methods.  As  it  currently  exists,  concurrent 
engineering  is  represented  by  three  levels  of  accomplishment 
and  implementation:  basic,  enhanced  and  world  class.  Basic 
concurrent  engineering  is  simply  good  transfer  of  information 
between  the  design  and  development  activities.  Enhanced 
concurrent  engineering  uses  one  multi-discipline  team  to 
carry  out  the  design  and  productlon/loglstlcal  capability 
development.  World-class  concurrent  engineering  is  the  ideal 
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form,  where  the  detailed  design  of  the  product  Is  performed 
concurrently  with  the  development  of  production  capability, 
logistical  capability  and  quality.  At  every  stage,  an 
equivalent  level  of  knowledge  has  been  developed  about  the 
product  and  its  associated  processes.  There  are  no  U.S. 
manufacturers  in  the  world  class  category  and  few  in  the 
enhanced  category.  Most  companies  in  this  country  who  have 
undertaken  the  effort  to  implement  concurrent  engineering  are 
in  the  basic  category  and  report  that  they  realize  that  their 
undertaking  is  not  short  term.  (26) 

Improved  management  to  accommodate  concurrent 
engineering  must  feature  emphasis  on  the  concept  from  the  top 
down,  starting  with  the  CEO/Secretary  of  Defense  to  the  first 
line  supervisor.  Depending  on  the  past  management  styles  and 
practices,  a  change  equivalent  to  a  major  cultural  change  may 
be  required  extending  to  the  organizations  business  practices 
and  contracting  methods  as  well.  Management  must  emphasize 
teamwork  through  the  formation  of  mul ti -discipl ine  teams. 

Team  members  should  be  given  responsibility,  authority  and 
flexibility  to  communicate  and  make  decisions  and  trade-offs 
that  support  the  whole  concept  of  concurrent  engineering. 
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A  recent  DOD  study  of  companies  who  had  successfully 


implemented  concurrent  engineering  found  the  following  common 
characteristics: 

■-  Upper  management  supported  the  initial  change  and 
continued  to  support  its  implementation. 

-  Changes  were  usually  substitutions  for  previous 
practices,  not  Just  additional  procedures. 

-  The  members  of  the  organization  perceived  a  need  to 
change.  Usually  there  was  a  crisis  to  overcome. 

Often  the  motivation  seemed  to  center  around  retaining 
or  regaining  market  share. 

-  Companies  formed  teams  for  product  development.  Teams 
included  representatives  with  different  expertise, 
such  as  design,  manufacturing,  quality  assurance, 
purchasing,  marketing,  field  service  and 
computer-aided  design  and  support. 

-  Changes  Involved  relaxing  policies  that  inhibited 
design  changes  and  providing  greater  authority  and 
responsibility  to  members  of  design  teams.  Companies 
practicing  concurrent  engineering  have  become  more 
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flexible  In  product  design.  In  manufacturing  and  In 
support . 

-  Companies  either  started  or  continued  an  In-place 
program  of  education  for  employees  at  all  levels. 

-  Employees  developed  an  attitude  of  ownership  toward 
the  processes  In  which  they  were  Involved. 

-  Companies  used  pilot  projects  to  Identify  problems 
that  were  associated  with  Implementing  new  concurrent 
engineering  techniques  and  to  demonstrate  their 

bene  f Its. 

-  Companies  made  a  commitment  to  continued  Improvement. 
None  of  the  companies  said  that  it  was  prepared  to 
freeze  the  latest  process  as  the  ultimate  solution  to 
design  and  production.*  (27) 

Not  all  of  the  companies  Implemented  concurrent 
engineering  in  the  same  way  or  In  the  same  time,  and  that  Is 
one  of  the  very  positive  aspects  of  the  concept.  It  is 
flexible  and  adaptable  to  almost  any  organization  or 
situation . 


26 


Concurrent  engineering  amounts  to  more  than  Just 
teamwork.  It  is  very  possible  for  one  person  to  engineer  a 
product  and  its  processes  concurrently.  However,  in  the  DOD 
world  of  large  developments,  that  is  not  likely.  It  is  more 
likely  the  product  and  each  of  its  processes  would  be  done  by 
many  individuals  skilled  in  many  different  disciplines  and 
working  for  many  different  companies.  For  concurrent 
engineering  to  work  effectively,  those  in  each  discipline 
must  work  at  the  same  time  with  sensitivity,  interaction  and 
consideration,  and  with  the  common,  global  goal  of  optimizing 
the  product  and  all  its  related  processes.  The  most  common 
and  moat  often  used  method  to  provide  the  needed  interaction 
and  consideration  among  the  disciplines  is  to  form 
multi-disciplined  teams.  The  team  has  the  responsibility  of 
engineering  the  entire  life  cycle  of  the  product  from  concept 
development  through  production  and  lifetime  support. 

Mul ti -discipl ine  team  members  continuously  interact,  trading 
off  among  the  disciplines  to  optimize  the  overall  project, 
not  their  own  area  or  discipline.  The  formation  of 
mul ti -discipl ine  teams  is  the  dominant  method  used  by 
Industry  to  implement  concurrent  engineering  thus  providing  a 
vehicle  for  interaction  and  consideration.  (28) 

Concurrent  engineering  is  characterized  by  a  focus  on 
the  customer’s  requirements  and  priorities,  a  conviction  that 
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quality  is  the  result  of  improving  a  process  and  a  philosophy 
that  improvement  of  the  process  of  design,  production  and 
support  are  never  ending  responsibilities  of  the  entire 
enterprise.  There  are  tools  and  methods  available  (discussed 
in  the  "Means'  chapter)  whereby  user /customer  needs  can  more 
readily  be  identified.  From  personal  experience  the 
requirements  process  in  DOD  does  not  always  identify  and 
ultimately  represent  the  true  user/customer . 

The  requirements  for  new  weapons  are  often  perceived  as 
law  and  program  managers  will  spend  an  enormous  percentage  of 
program  money  to  achieve  the  final  5%  of  performance.  The 
requirements  documents,  and  to  an  equal  degree  oversight 
functions  of  Congress  and  various  agencies,  do  not  allow  for 
cost/perf ormance  trade-offs.  Further,  the  weapons 
requirements,  as  seen  from  the  user  perspective,  are  not 
fiscally  constrained  while  the  design  Is  very  often 
technically  constrained.  Other  Important  requirements  such 
as  reliability  and  produclbl 1 Ity  are  often  Ignored  because 
the  Issues  are  difficult  to  conceptualize  (early  on),  complex 
and  either  under  funded  or  not  funded  at  all.  For  example, 
unit  production  costs  are  rarely  a  critical  military 
requirement  yet  If  total  yearly  program  dollars  are 
constrained,  then  system  numbers  are  constrained  as  are 
critical  military  requirements.  Concurrent  engineering  was 
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not  originally  Intended  to  play  a  part  In  requirements 
development,  but  the  same  features  of  the  concept  would  apply 
and  would  contribute  to  Integrating  the  requirements  and 
development  processes  further. 

At  this  point,  It  should  be  apparent,  that  there  Is  no 
magic  I'eclpe  for  Implementing  the  concurrent  engineering 
concept.  Very  often  the  companies  who  implemented  concurrent 
engineering  were  In  a  crisis  situation  and  were  desperately 
looking  for  a  way  to  turn  things  around.  Concurrent 
engineering  Is  not  a  substitute  for  hard  work  and  talented 
people;  it  Is  not  a  menu  of  tools  to  pick  from  when  things 
are  going  badly,  however,  it  does  lit  very  neatly  under  the 
umbrella  of  Total  Quality  Management.  Concurrent  engineering 
13  very  compatible  with  systems  engineering,  in  fact  would 
not  work  well  without  it.  'Concurrent  engineering  is  not  the 
arbitrary  elimination  of  a  phase  of  the  existing  sequential 
feed-forward  engineering  process.  Concurrent  engineering 
does  not  eliminate  any  engineering  function.  In  concurrent 
engineering,  all  downstream  processes  are  co-designed  toward 
an  all-encompassing,  cost-effective  optimum  design."  (29)  The 
Army  acquisition  system  and  development  programs  are  headed 
for  hard  times  budget  wise.  We  should  not  wait  until  we  are 
in  crisis  before  making  the  changes  that  will  lead  to  a 
concurrent  engineering  approach  within  DOD . 
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The  Implementation  of  concurrent  engineering  methodology 
could  begin  in  DOD  weapons  development  programs  by  simply 
allowing  and/or  encouraging  selected  programs /contractors  to 
use  concurrent  engineering  concepts  without  fear  of  penalty. 
The  Institute  for  Defense  Analysis  report  on  concurrent 
engineering  indicates  that  many  companies  in  the  private 
sector  are  eager  to  formally  implement  this  method  with  DOD 
blessing.  In  this  early  phase,  DOD  will  have  to  Insure  that 
government  acquisition  personnel  recognize  and  understand 
concurrent  engineering  well  enough  to  write  requirements  and 
serve  on  source  selection  boards. 

After  the  implementation  of  concurrent  engineering  and 
the  effort  begins  to  broaden,  reform  in  the  acquisition 
system  will  be  accomplished  more  easily.  At  some  future 
level  of  government  and  industry  experience  and  expertise,  we 
may  be  able  to  seriously  transition  to  full  implementation  of 
the  concept  thereby  eliminating  barriers,  stove-pipes, 
rice-bowls  and  the  "ilities"  that  so  confound  our  current 
system. 
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MEANS 


The  means  of  correcting  the  problems  pointed  out 
in  the  previous  chapters  Involve  the  Intelligent  and 
pervasive  implementation  of  concurrent  engineering  and  the 
vast  array  of  tools  available  to  do  the  Job.  The  tools  vary 
from  computer  aided  design  and  engineering  packages  to  vast 
computer  networks  for  the  purpose  of  keeping  Integrated  teams 
informed  and  coordinated;  from  simple  statistical  process 
control  procedures  to  complex  procedures  for  Identifying  the 
needs  and  desires  of  the  customer /user .  This  chapter  will 
list  and  explain  briefly  some  of  these  tools  and  how  they 
apply  to  the  scheme  of  concurrent  engineering.  This  section 
13  not  oriented  toward  defining  formal  engineering  methods  or 
in  any  way  Identifying  the  concept  as  a  methodology  that  can 
be  used  like  a  simple  formula  to  solve  problems. 

Concurrent  engineering  is  basically  a  mind-set  for 
Integrating  complex  activities,  however  It  manifests  Itself 
In  the  form  of  usable  and  applicable  tools  and  methods.  The 
following  la  a  selected  list  of  the  types  of  tools  and 
methods  currently  being  used  by  Industry  Implementors  of  the 
concept : 
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•  Mul  1 1 -d  1  SC  1  p  1 1  ne  teams 

consist  of  functional  area  experts  who  are  selected  by  upper 
level  management  and  represent  different  areas  of  a  product’s 
life-cycle.  These  functional  area  experts  are  the  foundation 
necessary  to  concurrently  engineer  both  the  product  and  the 
downstream  processes  for  design,  development,  manufacturing, 
fielding  and  support.  When  these  teams  are  brought  together 
early  in  the  design  stage,  the  result  has  been  that  the 
product  is  developed  in  a  shorter  time,  at  leas  cost  and  very 
often  with  higher  quality.  (30)  Mul t i -dlacipl ine  teams  in  the 
government  sector  would  begin  the  process  of  eliminating 
'stove-piping'  and  hopefully  move  the  bureaucracy  toward 
incorporating  the  'ilities*  into  a  mul ti -dlacipl ine  team 
process . 

•  This  a  management  tool  or 

method  in  which  the  entire  organization  adopts  a  universal 
process  perspective  and  any  product  development  is  seen  as  a 
single  continuous  process  from  concept  to  fielding  and 
support.  The  concept  Involves  the  management  and 
optimization  of  the  product  under  development  as  a  single 
process,  not  as  individual  features  to  be  sub-optimized  at 
the  expense  of  the  whole.  (31) 

QySiilX  EyDSlioQ  5®Ei2X5}SDi-  Trade-offs  made  in 
the  process  of  universally  optimizing  a  product  during 
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dt^velopment  should  be  based  on  the  best  information  available 
from  the  customer.  The  complexity  of  DOD  weapons  systems 
development  requires  the  exchange  of  very  large  amounts  of 
very  accurate  information  about  the  product  from  the  user 
perspective  and  there  is  a  serious  need  for  a  method  to  track 
those  Important  relationships.  Quality  Function  Deployment 
(QFD)  uses  the  mul t 1 -d 1 sc ip 1 Ine  team  approach  to  creatively 
brainstorm  customer  demands  and  design  parameters  and  their 
correlation  is  ranked  and  normalized.  Such  data  is  collected 
from  concurrent  engineering  participants  of  all  disciplines. 
Matrices  are  used  a  a  visual  means  of  recording  the 
information  ar i  'orrelating  it.  For  example,  customer 
demands  are  often  displayed  in  the  rows  of  the  matrix  and 
other  parameters  are  listed  in  the  columns.  Entries  where 
rows  and  columns  intersect  indicate  how  parameters  correlate. 
The  application  of  QFD  in  concurrent  engineering  brings  a 
more  scientific  approach  to  the  collection  and  evaluation  of 
information  on  which  multi-dlslpl ine  teams  can  make  trade-off 
decisions .  (32) 

•  (SPC)  When  dealing 

with  pure  engineering  processes  (eg . -des Ign/manuf actur Ing 
processes) ,  as  opposed  to  the  management  or  methodology 
processes  mentioned  above,  one  must  be  able  to  evaluate 
alternatives  and  make  trade-offs  among  product  and  various 
process  designs,  and  engineers  must  have  quantitative 
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understanding  of  the  stability  of  important  parameters.  It 
is  necessary  to  understand  the  variability  of  a  process  in 
the  presence  of  uncontrolled  "noise*  and  to  know  the  effect 
of  changing  controlled  parameters  on  that  variability. 
Statistical  process  control  is  one  of  the  moat  widely  used 
tools  for  determining  whether  observed  variation  is  the 
result  of  normal  fluctuation  of  a  controlled  process  or  the 
result  of  some  special,  uncontrolled  cause.  The  "Means' 
addressed  in  this  chapter  are  generally  limited  to  management 
and  methodology  concepts  or  other  than  pure  engineering 
methods.  However,  SPC  is  of  such  Importance  to  the 
concurrent  engineering  concept  and  so  widely  used  in  industry 
that  it  should  not  be  excluded  from  this  list.  (33) 

An  idea  significantly  enhanced  by  a 
Japanese  engineer,  Qenlchi  Taguchl ,  robust  product  design 
encompasses  the  idea  that  producing  products  which  are  merely 
within  specification  is  not  adequate.  Robust  product  design 
starts  with  the  concept  that  quality  loss'can  be  minimized  if 
some  characteristics  of  the  product  have  an  ideal  target 
value.  The  manufacturer  must  recognize  that  quality  loss 
increases  geometrically  as  the  real-time  production  run  value 
varies  from  the  target  value.  Using  this  concept,  it  no 
longer  suffices  to  produce  items  that  are  merely  within 
specification.  (34) 
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lQ^;®SE§^iQS  ■  Concurrent  engineering 

13  best  facilitated  by  team  members  from  different 
disciplines  having  access  to  each  other  and  each  others  work. 
This  creates  some  technological  problems  because  concurrent 
engineering  typically  teams  up  specialists  who  address 
designs  using  their  own  methods,  representations,  and  manual 
and  automated  tools.  Given  the  trend  toward  the  use  of 
automation  for  synthesis,  analysis  and  capture  of  designs, 
mul t i -d i sc i p 1 i ne  teams  require  tools  and  representations  that 
work  together  easily.  There  are  many  engineering  design 
packages  that,  if  standardized,  would  work  well  in  this  role. 
The  Xerox  Corporation  is  experimenting  with  what  is  called  a 
cooperative  design  laboratory  in  which  the  multi-discipline 
team  can  sit  in  one  room  and  collaborate  on  virtually  any 
development  through  networked  computers  and  shared  audio 
visual  aids.  OOD  initiatives  such  as  the  Computer-aided 
Acquisition  and  Logistics  Support  (CALS)  and  the  Product  Data 
Exchange  Specification  (PDES)  offer  great  promise  in  both  the 
integrating  framework  and  description  languages  currently 
needed  to  support  concurrent  engineering.  (35) 

§yBEiiSE  lDJf2i!i®!!?®Di  • 

In  the  commercial  world,  the  customer  is  easily 
recognized.  In  the  case  of  the  DOD ,  the  customer  is  not 
always  easy  to  determine  because  the  Identity  and  role  of 
customer  and  user  get  confused  and  misinterpreted.  One  of 
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the  basics  of  concurrent  engineering  is  to  recognize  the 
voice  of  the  customer,  which  automatically  requires  that  the 
customer  be  readily  identifiable.  To  an  equal  degree,  the 
multi-layered  supplier  base  is  crucial  to  the  success  of  any 
development  effort  and  especially  within  the  concept  of 
concurrent  engineering.  Bringing  suppliers  into  the 
concurrent  engineering  process  means  interacting  with  the 
mul t i -d Isc ip  1 Ine  team  and  making  trade-offs  to  achieve  the 
optimum  overall  product  and  process. 

As  stated,  the  methods  listed  in  this  chapter  are  by  no 
means  the  only  tools  and  methods  suitable  for  use  under  the 
concurrent  engineering  umbrella.  Each  company  and  project 
management  office  la  different  environmentally  and  we  must  be 
adaptable  enough  to  use  what  ever  tools  are  necessary  and 
applicable  to  the  development  and  the  environment. 
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CONCLUSION 


'The  U.S.  Industrial  base  must  be  prepared  to  respond  to 
a  broad  range  of  contingencies  that  may  emerge  in  the  future. 
In  the  past,  we  have  tended  to  develop  defense  production 
capabilities  primarily  via  individual  weapon  system  programs. 
In  the  future,  we  will  need  to  rely  Increasingly  on  the 
technological  leadership  that  is  available  in  the  commercial 
sectors  and  take  into  account  the  Increasing  international 
character  of  emerging  product  and  process  technologies."  (36) 

Concurrent  engineering  does  not  represent  a  completely 
new  acquisition  system.  It  does,  however,  provide  the 
framework  for  establishing  new  ’Ends*  in  the  development 
process  by  shortening  development  times  for  high  technology 
weapons  systems,  at  lower  cost  and  with  higher  quality.  In  a 
time  of  gross  reductions  in  the  defense  budget,  the  potential 
ends  provided  by  the  implement ition  of  concurrent  engineering 
are  too  significant  and  appealing  to  Ignore.  As  pointed  out 
in  a  recent  DOD  study,  'Companies  that  have  implemented 
concurrent  engineering  report  that  they  are  producing  higher 
quality  products  at  lower  cost  and  in  less  time  than  they 
were  able  to  previously .... Signl f leant  differences  exist 
between  the  commercial  market  place  and  the  DOD  domain. 
Despite  these  differences,  case  studies  of  the  implementation 


37 


of  concurrent  engineering  by  several  defense  contractors 
suggest  that  concurrent  engineering  can  be  successfully 
applied  in  the  DOD  environment.’  (37) 

"It  is  now  generally  recognized  that  a  strong 
manufacturing  base  is  essential  to  leading-edge  industries  as 
well  as  to  mature  industries.  Moreover,  mastery  of  the 
manufacturing  process  la  Increasingly  viewed  as  an  essential 
part  of  the  technical  competence  that  la  necessary  to  advance 
existing  technologies  and  create  new  ones.’  (38)  From  the 
author’s  personal  experience,  commercial  industry  recognizes 
the  gravity  of  this  quote  and  is  consistently  moving  away 
from  DOD  business  and  methods.  As  many  of  them  adopt 
concurrent  engineering  concepts  and  practices,  they  are  less 
compatible  with  the  way  in  which  DOD  dictates  how  something 
should  be  built  and  not  what  It  wants  built.  The  companies 
remaining  in  the  DOD  business  arena  are  beginning  to  opt  for 
concurrent  engineering  methods  and  concepts  as  a  survival 
strategy.  However,  they  continue  to  maintain  their  mirror 
Image  of  DOD  organization  In  terms  of  the  'llltles'  even 
after  those  departments  are  no  longer  required.  DOD  can 
simply  allow  concurrent  engineering  to  evolve  In  the  defense 
Industry  by  doing  nothing.  However,  the  much  more  productive 
method  or  'Ways'  of  accomplishing  this  transition  Is  be  more 
proactive  on  the  DOD  side.  By  providing  senior  level 
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leadership,  training  of  the  acquisition  bureaucracy  and 
evolving  change  in  DOD  organization  and  structure,  concurrent 
engineering  could  be  implemented  in  a  much  shorter  time  than 
by  simply  letting  the  market  drive  industry  contractors  to  it 
because  they  need  it  to  survive.  Concurrent  engineering  fits 
very  easily  under  the  umbrella  of  Total  Quality  Management; 
TQM  requires  continuous  process  improvement,  concurrent 
engineering  manifests  this  concept  in  its  process  mentality 
and  the  acceptance  by  everyone  involved  of  ownership  in  the 
total  process . 

'The  United  States  continues  to  be  the  world’s  leader  in 
the  development  of  new  technology;  however,  it  is  no  longer 
the  leader  in  many  areas  of  technology  application,  nor  can 
the  U.S.  be  self-sufficient  in  the  production  of  all  items. 
The  U.S.  must  nevertheless  ensure  that  it  does  not  become 
vulnerable  to  a  potential  disruption  in  supplies  for  materiel 
vital  to  our  national  security.  The  United  States  must  be 
able  to  Identify  and  deal  with  such  vulnerabilities  and 
develop  assured  access  to  products  and  technologies  that  are 
required  to  support  our  military  forces  in  the  next  century. 
As  critical  product  and  process  technologies  are  identified, 
the  Department  of  Defense  must  work  together  with  industry 
and  academia  to  ensure  continued  U.S.  leadership  in  these 
important  areas.'  (39) 
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